Li, C., S. Frolking, and T. A. Frolking (1992), A model of nitrous oxide evolution from soil driven by rainfall events: 2. Model applications, J. Geophys. Res., 97(D9), 9777-9783, doi:10.1029/92JD00510. Simulations of nitrous oxide (N20) and carbon dioxide (CO2) emissions from soils were carried out with a rainevent model of nitrogen and carbon cycling processes in soils (Li et al., this issue). Model simulations were compared with five field studies: a 1-month alenitrification study of a fertilized grassland in England; a 2-month study of N20 emissions from a native and fertilized grassland in Colorado; a 1-year study of N20 emissions from agricultural fields on drained, organic soils in Florida; a 1-year study of CO2 emissions from a grassland in Germany; and a 1-year study of CO2 emissions from a cultivated agricultural site in Missouri. The trends and magnitude of simulated N20 (or N20 + N2) and CO2 emissions were consistent with the results obtained in field experiments. The successful simulation of nitrous oxide and carbon dioxide emissions from the wide range of soil types studied indicates that the model, DNDC, will be a useful tool for studying linkages among climate, land use, soil-atmosphere interactions, and trace gas fluxes.
INTRODUCTION
Estimates of nitrous oxide (N20) emissions from agricultural soils are of considerable interest because of the importance of N20 as an atmospheric trace gas and the significance of fertilized agriculture as a source of N20 to the atmosphere [Davidson, 1991] . N20 is important as a greenhouse gas; Rodhe [1990] estimates that N20 contributes about 5 % of the total anthropogenic greenhouse effect. N20 has a current concentration of about 310 parts per billion by volume and is increasing at about 0.25 %/year [ElMns and Rossen, 1989] . With an atmospheric lifetime of about 150 years, N20 plays an important role in the stratospheric ozone budget [Warneck, 1988] . Finally, N20 emissions are a significant pathway for the loss of nitrogen from soil [Bowden, 1986] . Emission rates could therefore be important to both ecosystem nitrogen budgets and agronomic practices.
Microbial denitrification activity is strongly dependent on decomposition processes for the production of the principal substrates, dissolved organic carbon and nitrate [e.g., $ahrawat and Keeney, 1986] , and so a model of denitrification in the field should include the actions and interactions of both processes. A companion paper [Li et al., this issue] describes the development, structure, and sensitivity of a rain-event model of denitrification and decomposition processes in agricultural soils. The model, denitrification and decomposition (DNDC), contains three interacting submodels. The thermal-hydraulic submodel uses soil texture, air temperature, and precipitation data to calculate soil temperature and moisture profiles and soil water Copyright 1992 by the American Geophysical Union.
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0148-0227/92/92JD-00510505.00 fluxes through time. This information is fed into either the denitrification submodel or the decomposition submodel. The denitrification submodel calculates hourly denitrification processes and N2 (dinitrogen) and N20 production during wet periods. The decomposition submodel calculates daily decomposition, nitrification, ammonium volatilization processes, and CO2 production. Effects of anthropogenic activities (fertilization, tillage, amendment of manure, and other agricultural practices) are incorporated into the model. As we were unable to obtain data from a field experiment where both CO2 and N20 fluxes were measured simultaneously, in this paper we report on simulations of three field studies of denitrification (N20 or N20 + N2) emission, and simulations of two field studies of soil CO2 emissions, which we consider to be an indicator of soil carbon dynamics during decomposition.
MODEL APPLICATIONS
Five field studies were chosen to validate the DNDC model:
(1) a 1979 field study of N20 emissions from a native shortgrass prairie (control and urea fertilized) near Fort Collins, Colorado [Mosier et al., 1981] ; (2) a 1979 field study of N20 emissions from drained, cultivated organic soils in Belle Glade, Florida [Terry et al., 1981] ; (3) a 1980 field study of denitrification loss from a grassland soil in a field receiving different rates of nitrogen fertilizer in Berkshire, England [Ryden, 1983] ; (4) a 1979 field study of CO2 emissions from an uncultivated grassland in Heidelberg, Germany [Dorr and Munnich, 1987] Four rainfall events (greater than 1 cm) and one irrigation event occurred during the experiment ( Table 1) .
The emissions of N20 generally increased with the increase of rainfall flux (Figure 1) . The modeled N20 peaks following rain events tend to be much sharper and to occur more quickly than the measured flux peaks. This is also true in the other denitrification studies and is discussed in section 3. Significantly, in the model simulation for the unfertilized soil, N20 emission during rainfall event 3 was lower than that in rainfall event 4, although rainfall was higher in event 3 (Table 1) respectively. The simulation records show that soluble carbon concentration and CO2 emission were higher in event 18 than in event 28 (Table 2) , indicating greater microbial activity. In this simulation, soluble carbon was the limiting factor for N20 evolution in most rainfall events.
Case 3: Denitnfication Loss From Grassland in England
Total denitrification loss (N20 + N2) from a loam soil under a cut ryegrass sward was measured for a 30-day period from May 28 to June 28, 1980, using the acetylene-inhibition technique [Ryden, 1983] . The experimental plots were located in Berkshire, England. The soil at the study site is a loam in the Wickham series overlying London clay. In the upper 20 cm of the profile, pH is 6.3; bulk density is 1.06 g/cmS; organic carbon content is 0.033 kg C/leg soil; and initial NOs' content is 2 mg N/kg soil [Ryden, 1983; Ryden and Dawson, 1982] . Twelve rainfall events occurred during the measuring period. No irrigation was applied. The air temperature averaged 17ø-18øC. Ammonium nitrate equivalent to 125 kg N/ha was applied at the beginning of the measuring period.
The two peaks of simulated denitrification emission are consistent with the two peaks obtained in the field experiments and show the close relationship between N20+N2 flux and major soil-wetting events (Figure 3 and  Table 3 ). Again, the modeled N20+N 2 emission rates peak and decline more rapidly than the measured rates after a major rainfall (see discussion below). The model predicts that denitrification produces most of the N20 flux (> 99 %) and that most nitrogen loss through denitrification would be as N20 (>97%), with little N2 evolved. cases (la, 2, and 3) the ratio of N20 produced during nitrification to that during alenitrification in the simulations ranges from 0.003 to 0.013 (Table 5) N/ha) increased the ratio to 0.058 (case lb), but the ureainduced nitrification enhancement only lasted for 13 days (see Table 1 ). Although application of ammonium-based fertilizers can increase N20 emission rates in nitrification, the model predicts that the total amount of N20 evolved in nitrification is still much lower than that in alenitrification. In the DNDC model, nitrification-derived N20 is limited because fertilizer ammonium or urea remains in soils for only 5-6 days before most is converted into nitrate or lost to other sinks (e.g., leaching, volatilization). In contrast, in laboratory incubation studies of the soils of cases la and lb under a range of soilwater conditions, Parton et al. [1988] find that for all but high water contents, nitrification is the dominant N20 producer. They conclude from this that nitrification must also have been the dominant N20 source in the field study because they never observed high water contents in the field. Their simulations predict nitrification to be the source of 60-80% of the N20 emitted annually from shortgrass prairie In this study, DNDC simulated N20 evolution in a wide range of soil types without changing any internal parameters. This implies that the external parameters adequately cover the major factors which influence regional variations in N20 emissions. Therefore obtaining appropriate climate and soil data becomes critical when applying DNDC to regional or global scales. For a specific area during a specific period of time, as in the five cases simulated in this study, the required external parameters may be available. But for a large region and a long time period, one must determine how to generalize the available data to formulate the required parameters, such as rainfall timing and intensity, soil properties, irrigation, fertilization, and other anthropogenic activities. More general data sources, such as national or international meteorological records and soil surveys, should be considered and compiled into a geographic information system (GIS), to which DNDC could be connected to execute regional analyses. and overall magnitude of the fluxes quite well. Some of the differences may be due to the model using a long-term mean climate, while the field results depend on the particular year's weather. Some of the differences may be due to root growth respiration, which will probably have a different seasonal signal than root maintenance respiration [Johnson, 1990] .
Case 4: COz Emissions From

